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7KH DLP RI WKLV VWXG\ ZDV WR SURYLGH DQ LQGHSHQGHQW DVVHVVPHQW RI WKH GLUHFW DQG LQGLUHFW VDIHW\
LPSDFWVRIWKHGHYHORSHGQHZYHKLFOHIXQFWLRQVDLPHGDWLPSURYLQJVDIHW\DWLQWHUVHFWLRQV
'DWD
6HYHUDO GDWD VRXUFHV DQG IRUHFDVWV ZHUH XVHG IRU WKH DQDO\VLV $FFLGHQW YHKLFOH IOHHW DQG YHKLFOH
PLOHDJHGDWDDQGSUHGLFWLRQVXSWRLQWKH(XURSHDQ8QLRQPHPEHUVWDWHV(8ZHUHEDVHGRQ
WKHZRUNGRQHLQHDUOLHUH,03$&7:LOPLQNHWDODQG&2',$.XOPDODHWDOSURMHFWVDQG
FRPSOHPHQWHGZLWK UHFHQW SXEOLF(XURSHDQ DQGQDWLRQDO VWDWLVWLFV)RU WKH DQDO\VLV(8ZDVGLYLGHG
LQWR WKUHHFOXVWHUV±1RUWKHUQDQG&HQWUDO(XURSH FOXVWHU 6RXWKHUQ(XURSH FOXVWHU  DQG(DVWHUQ
(XURSHFOXVWHU
7KHDFFLGHQWGDWD7DEOHVKRZVWZRPDMRUGLIIHUHQFHVEHWZHHQWKHFOXVWHUVDIIHFWLQJHVSHFLDOO\WKH
VDIHW\ DVVHVVPHQW RI LQWHUVHFWLRQ VDIHW\ V\VWHPV )LUVW WKH SURSRUWLRQV RI IDWDOLWLHV LQMXULHV DQG LQMXU\
DFFLGHQWVGLIIHUEHWZHHQFOXVWHUV6HFRQG LQ WKHDFFLGHQWGDWD UHOHYDQW WR LQWHUVHFWLRQVDIHW\V\VWHPV LQ
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SHQHWUDWLRQ GLIIHUHQFHV EHWZHHQ WKH GLIIHUHQW IXQFWLRQV DQG WKDW WKH SHQHWUDWLRQ ZRXOG LQFUHDVH IDVWHU
DPRQJKHDY\YHKLFOHVWKDQLQFDUV)XOOYHKLFOHIOHHWSHQHWUDWLRQZDVDOVRLQFOXGHGLQWKHDQDO\VLV
7KHGHSOR\PHQWRIWKHLQIUDVWUXFWXUHV\VWHPVZLOOPRVWOLNHO\VWDUWZLWKWKHLQWHUVHFWLRQVWKDWKDYHWKH
KLJKHVW QXPEHU RI DFFLGHQWV ,W ZDV DVVXPHG WKDW  RI WKH LQWHUVHFWLRQV DFFRXQWLQJ IRU  RI DOO






7KH VDIHW\ HIIHFWVPHWKRG DGGUHVVHV DOO WKUHH GLPHQVLRQV RI URDG VDIHW\  H[SRVXUH  ULVN RI D
FROOLVLRQ WR WDNH SODFH GXULQJ D WULS DQG  ULVN RI D FROOLVLRQ WR UHVXOW LQ LQMXULHV RU GHDWK 7KHVH













RQ H[LVWLQJ NQRZOHGJH D QXPHULFDO SHUFHQWDJH YDOXH IRU WKH FKDQJH LQ IDWDOLWLHV DQG LQMXULHV ZDV








7KH IRFXV LQ WKLV VWXG\ZDV RQ IXWXUH V\VWHPV7KHUHIRUH WKH WKLUG FDWHJRU\ RI HYLGHQFHZDV TXLWH
IUHTXHQWO\XVHGLQWKHDVVHVVPHQWV
$ PRGHO RI KXPDQ LQIRUPDWLRQ SURFHVVLQJ SURYLGHV D IUDPHZRUN IRU DVVHVVLQJ WKH HIIHFWV RI
LQWHUVHFWLRQVDIHW\V\VWHPVRQGLUHFWGULYHUEHKDYLRULHKRZPDQ\DFFLGHQWVFRXOGEHDYRLGHGDQGKRZ
PDQ\DFFLGHQWVFRXOGEHPLWLJDWHG$FFRUGLQJ WR WKHPRGHO WKHGULYHUPXVW ILUVWSHUFHLYH WKH WDUJHWRI
DFWLRQ DQG DIWHU WKDW VHOHFW WKH FRUUHFW UHVSRQVH2QO\ WKHQ FDQ WKH GULYHU DFW :LFNHQV DQG+ROODQGV
,QDGGLWLRQWKHGULYHUPXVWEHPRWLYDWHGWRFKDQJHKLVLQWHUVHFWLRQDSSURDFKLQJVWUDWHJ\DIWHUWKH
ZDUQLQJRUEUDNHMHUNLQWHUYHQWLRQ
7DEOH  VKRZV DQ LOOXVWUDWLYH H[DPSOH RI WKH FDOFXODWLRQ RI WKH WRWDO HIIHFWZKHQ WKH HIIHFWV IRU WKH
VHOHFWHGPHFKDQLVPVDUHDYDLODEOH)LUVWWKHHVWLPDWHVJLYHQLQSHUFHQWDJHVDUHFRQYHUWHGWRFRHIILFLHQWV
RIHIILFLHQF\HJDGHFUHDVHRIDFFLGHQWVE\PHDQVWKDWWKHWDUJHWJURXSRIDFFLGHQWVLVPXOWLSOLHG
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E\ FRHIILFLHQW  6HFRQG WKH WRWDO HIIHFW LV FRPSXWHG E\ PXOWLSO\LQJ WKH FRHIILFLHQWV IRU HDFK
PHFKDQLVP DQG JLYLQJ WKLV WRWDO HIIHFW DV D SHUFHQWDJH 7KH VDPH SURFHGXUH ZDV IROORZHG ZKHQ
FDOFXODWLQJHIIHFWVRIFRPELQDWLRQVRIV\VWHPVDVLWLVQRWDSSURSULDWHWRVLPSO\VXPXSWKHHIIHFWV
7DEOH$QLOOXVWUDWLYHH[DPSOHRIFDOFXODWLRQRIWKHWRWDOHIIHFWEDVHGRQSHUFHQWDJHFRHIILFLHQWV:LOPLQNHWDO
0HFKDQLVP (IIHFWRQLQMXU\DFFLGHQWV (IIHFW>@  &RHIILFLHQWRIHIILFLHQF\
0HFKDQLVP GHFUHDVHV  ĺ  
0HFKDQLVP GHFUHDVHV  ĺ  Ļ
0HFKDQLVP LQFUHDVHV  ĺ  







FRQGLWLRQV RU RQ PRWRUZD\V UXUDO DUHDV RU XUEDQ DUHDV ,Q WKLV FRQVLGHUDWLRQ WKH IRFXV LV RQ WKH
HIIHFWLYHQHVV RI WKH V\VWHP LW LV DERXW KRZ SRZHUIXO WKH V\VWHP ZRXOG EH LQ SUHYHQWLQJ GLIIHUHQW
DFFLGHQWVLQWKHGHILQHGFLUFXPVWDQFHVQRWDERXWWKHIUHTXHQF\RIWKHDFFLGHQWW\SHLQTXHVWLRQ+HQFH
DOOHIIHFWVRQVDIHW\VKRXOGEHFRYHUHGE\WKHDQDO\VHV.XOPDODHWDO
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WKHVHDFFLGHQWVFRXOGEHDIIHFWHG,Q/7WKHVKDUHLVELJJHUDVWKHIXQFWLRQLV LQWHUYHQLQJ,Q57BFLW LV
ELJJHUDVLWZDVDVVXPHGWKDWDOVRLQWR[LFDWHGGULYHUVKDYHWLPHWRUHDFWWRWKHZDUQLQJEHFDXVHRIWKHORZ




GULYHUV VHOGRP IDFH VLWXDWLRQV ZKHUH WKH V\VWHP LV DFWLYDWHG'ULYHUVPLJKW QRW HYHQ XQGHUVWDQGZKDW
KDSSHQVZKHQWKHEUDNHMHUNVWKH\PLJKWQRWUHPHPEHUZKDWLWPHDQVRUWKH\PLJKWQRWHYHQQRWLFHLW
IRUH[DPSOHWKH\PLJKWFRQIXVHWKHVHQVDWLRQZLWKWKDWH[SHULHQFHGZKHQWKHLUZKHHOKLWVDSRWKROH,WLV
DVVXPHG WKDW VKDUH RI WKHVH GULYHUV LV  DQG LQGHSHQGHQW RI IXQFWLRQ DSDUW IURP /7 WKDW LV DQ
LQWHUYHQLQJIXQFWLRQDQGZKRVHVKDUHLVWKXV
7KHVKDUHRIGULYHUVZKRLQWHUSUHWWKHZDUQLQJFRUUHFWO\LVKLJKHVWIRUWKHLQWHUYHQLQJIXQFWLRQ
'LIIHUHQFHEHWZHHQ WKHZDUQLQJDQG LQWHUYHQLQJ IXQFWLRQV LV VLJQLILFDQW)RU WKHZDUQLQJ IXQFWLRQV WKH
VKDUHLVDWPRVWHJWKHGULYHUPXVWUHODWHFRUUHFWO\LQIRUPDWLRQSURYLGHGE\WKHLQYHKLFOHGHYLFH
ZLWK WKH VLWXDWLRQRXWVLGH WKHFDU7KHGULYHUPXVWEHPRWLYDWHG WRFKDQJHKLV LQWHUVHFWLRQDSSURDFKLQJ
VWUDWHJ\DIWHU WKHZDUQLQJRUWKHEUDNHMHUN7KHUHZLOODOZD\VEHGULYHUVZKREHOLHYHWKHLU MXGJPHQWLV




GULYHU KDV WKH SRVVLELOLW\ WR REVHUYH WKH RWKHU YHKLFOH 7KH VLWXDWLRQ LQ WXUQLQJ ULJKW LV DOPRVW DV
FRPSOLFDWHG DV WKDW RI ,& EHFDXVH RI WKH 958V DSSURDFKLQJ IURP WZR GLUHFWLRQV DQG WKH SRWHQWLDO RI
LQFRPLQJYHKLFOHVIURPWKHOHIW
7KHGULYHUDFWLRQFDQEHGLYLGHGLQWRWKHUHDFWLRQDQGWKHZD\RIUHDFWLRQ,IWKHGULYHUKDVFKRVHQWR








WKHGULYHU LV WKHEUDNHMHUN(VSHFLDOO\ LI WKHUHDFWLRQ WLPH LV ORQJ WKLVPLJKWEHDOO WRRODWHRU LWPLJKW
RQO\KHOS WKHGULYHU WR UHGXFH WKHVSHHGHQRXJKVR WKDW WKHFRQVHTXHQFHVDUHPLWLJDWHG ,QRUGHUQRW WR






WKH V\VWHPFRXOGEHEHQHILFLDO DOVR WR WKHGULYHUVZKRZHUHDZDUHRI WKH UHG OLJKWEXW GLGQRW UHDFW LQ
WLPH,QWKLVFDVHWKHZDUQLQJFRXOGVXSSRUWWKHLQWHQWLRQWRVWRS
3URIHVVLRQDO GULYHUV DUH SUREDEO\ PRUH IDPLOLDU DQG KDYH PRUH H[SHULHQFH LQ VLWXDWLRQV ZKHUH WKH
IXQFWLRQV DFWLYDWH WKHPVHOYHV WKDQ DYHUDJH SDVVHQJHU FDU GULYHUV+HQFH WKH\ SUREDEO\ XQGHUVWDQG WKH
IXQFWLRQV EHWWHU DQG DUH DEOH WR UHVSRQG FRUUHFWO\ ,Q FRQVHTXHQFH WKH VKDUHV RI FRUUHFW UHVSRQVH
H[HFXWLRQLQ57BWDUHELJJHUWRWKRVHLQ57BF
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IXQFWLRQDOLW\ ,Q JHQHUDO WKH LQWHUVHFWLRQ VDIHW\ V\VWHPV VKRZ VLJQLILFDQW SRWHQWLDO LQ UHGXFLQJ ERWK
IDWDOLWLHVDQGLQMXULHV7KHSRWHQWLDOUHGXFWLRQVDUHLQWKHUDQJHRIWRIRUDOOIDWDOLWLHVDQG
WRIRUDOO LQMXULHV7KH OHIWWXUQLQJVWRS OLQHDQG LQWHUVHFWLRQDVVLVWDQFHIXQFWLRQVVKRZ WKHPRVW
VXEVWDQWLDOLPSDFWVRQUHGXFLQJIDWDOLWLHVDQGLQMXULHV7KHPDLQUHDVRQDIIHFWLQJWKHPDJQLWXGHRIWKHVH
HIIHFWVFRPSDUHGWRWKHQXPEHUVSUHVHQWHGLQ)LJȈĳȐȜȝĮȉȠĮȡȤİȓȠʌȡȠȑȜİȣıȘȢĲȘȢĮȞĮĳȠȡȐȢįİȞ



















































7KHVDIHW\HIIHFWV IRU WKH³KLJK´DQG³ORZ´ IOHHWSHQHWUDWLRQVFHQDULRV IRU WKH WDUJHW\HDUZHUH
FDOFXODWHGEDVHGRQWKHIXOOSHQHWUDWLRQYDOXHV)LJGHVFULEHVWKHHIIHFWVRQLQWHUVHFWLRQIDWDOLWLHVDQG
WKH FRUUHVSRQGLQJ YDOXHV IRU LQWHUVHFWLRQ LQMXULHV 7KH ILJXUHV VKRZ WKDW GXH WR WKH UHODWLYHO\ ORZ
SHQHWUDWLRQUDWHVWKHIXOOVDIHW\SRWHQWLDOLVQRW\HWUHDOLVHG

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RQDOO IDWDOLWLHVDQG RQDOO LQMXULHV LQ(8$V WKH VDIHW\ VLWXDWLRQRI1RUWKHUQDQG&HQWUDO
(XURSHLVTXLWHGLIIHUHQWWRWKDWRI6RXWKHUQ(XURSHDQG(DVWHUQ(XURSH WKHHIIHFWVRIWKHFRPELQDWLRQ
V\VWHPZHUHFDOFXODWHGDOVR VHSDUDWHO\ ,Q1RUWKHUQDQG&HQWUDO(XURSH WKH VDIHW\HIIHFWVDUH WKHPRVW
VLJQLILFDQW WKH\ DUH PRUH WKDQ GRXEOH FRPSDUHG WR WKRVH LQ 6RXWKHUQ (XURSH )LJ  7KH HIIHFWV LQ
(DVWHUQ(XURSHDUHVRPHZKDWELJJHUWKDQLQ6RXWKHUQ(XURSH
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GLIIHUHQW IXQFWLRQVRQ LQWHUVHFWLRQ IDWDOLWLHVDQG LQMXULHVZHUHHVWLPDWHG WREHHTXDORU OHVV WKDQ 
7KH OHIW WXUQLQJ VWRS OLQH DQG LQWHUVHFWLRQ DVVLVWDQFH IXQFWLRQV VKRZ WKH PRVW VXEVWDQWLDO LPSDFWV RQ
UHGXFLQJIDWDOLWLHVDQGLQMXULHV
,Q IXOO SHQHWUDWLRQ WKH LPSDFW RQ DOO IDWDOLWLHV ZDV EHWZHHQ  DQG  DQG RQ DOO LQMXULHV
EHWZHHQ  DQG :LWK H[SHFWHG SHQHWUDWLRQ UDWHV IRU  WKH VDIHW\ LPSDFWV RI WKH GLIIHUHQW
V\VWHPVRQDOOIDWDOLWLHVZHUHHVWLPDWHGWREHHTXDORUOHVVWKDQDQGRQDOOLQMXULHVOHVVWKDQ
$V WKHVH QXPEHUV DUH UHODWLYHO\ VPDOO LW LV SUREDEO\ QRW UHDVRQDEOH WR LQWURGXFH WR WKHPDUNHW VLQJOH
LQWHUVHFWLRQ VDIHW\ IXQFWLRQV EXW UDWKHU D V\VWHP FRPELQDWLRQ KDYLQJ DOO WKH SRVVLEOH IHDWXUHV $






7KH FDOFXODWLRQV ZHUH EDVHG RQ WKH DVVXPSWLRQ WKDW WKH VDIHW\ V\VWHPV ZRUN SHUIHFWO\ LQ DOO
FLUFXPVWDQFHVDQG WKDW WKH\ZDUQDERXWDOOSRWHQWLDOO\FROOLGLQJYHKLFOHVDQG958V ,QDGGLWLRQ LWZDV
SUHVXPHGWKDWWKHULJKWWXUQLQJDQGOHIWWXUQLQJIXQFWLRQVDOZD\VEHFRPHDFWLYHZKHQWXUQLQJ,QFXUUHQW
V\VWHPV WKLV UHTXLUHV WKHXVHRI WKH WXUQLQJ VLJQDO E\ WKHGULYHU ,Q UHDOLW\ WKHSURSHQVLW\RI XVLQJ WKH
WXUQLQJ VLJQDO YDULHV JUHDWO\ /XRPD  )LQQLVK REVHUYDWLRQV VKRZ WKDW LQ XUEDQ LQWHUVHFWLRQV




6WDWLVWLFV VKRZ WKDW ROGHU GULYHUV DUH PRUH OLNHO\ WR JHW LQWR LQWHUVHFWLRQ DFFLGHQWV 3UHXVVHU HW DO
(OGHUO\GULYHUVKDYHGLIILFXOWLHVGLYLGLQJWKHLUDWWHQWLRQDQGWKH\DFWGHOLEHUDWHO\VORZO\LQPRUH
FKDOOHQJLQJ VLWXDWLRQV (OGHUO\ GULYHUV DUH RIWHQ DZDUH RI WKHLU GHILFLHQFLHV DQG DUH PRWLYDWHG WR XVH
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